Introduction
============

Endometrial cancer (EC) is the fifth most common gynecological cancer in developed countries, with an estimated worldwide incidence of 382,069 new cases per year \[[@b1-ogs-19169],[@b2-ogs-19169]\]. The highest age-standardized incidence rates in 2018 were estimated to be 19.1 and 22.2 per 100,000 women in North America and Europe, respectively \[[@b2-ogs-19169],[@b3-ogs-19169]\], attributable to the greater overall prevalence of obesity and metabolic syndromes \[[@b4-ogs-19169]\]. Although the age-standardized rates were the lowest in middle-income countries, such as South Africa, Japan, and Brazil, these countries had the most rapid rates of increase in the past 10 years, at 11.3%, 5.9%, and 5% annually, respectively. Similar trends were observed for premenopausal women and an increased risk of EC over successive generations was more pronounced in some Asian countries, Costa Rica, and New Zealand \[[@b5-ogs-19169]\].

Although EC is typically considered a postmenopausal cancer, 14%--25% of patients are premenopausal and 5% are younger than 40 years; majority of the patients tend to present with low-grade early stage tumors of the endometrioid subtype that are confined to the endometrium \[[@b6-ogs-19169]-[@b8-ogs-19169]\]. Historically, EC has been categorized into 2 clinicopathological types---type 1 EC, the estrogen-dependent endometrioid type associated with obesity that accounts for up to 85% of ECs, and type 2, the non-endometrioid subtypes that include serous, clear-cell, undifferentiated carcinomas and malignantmixed Mullerian tumors and are typically not associated with obesity \[[@b9-ogs-19169],[@b10-ogs-19169]\]. Tumor grade and myometrial invasion increase with age, accounting in part for the considerably worse prognosis of older patients \[[@b11-ogs-19169],[@b12-ogs-19169]\].

Established risk factors for EC include exposure to exogenous estrogens or endogenous hyperestrogenic status associated with nulliparity, early age at menarche, late-onset menopause, age, and obesity \[[@b13-ogs-19169]\]. Women with greater weight gain after 20 years of age had a 3-fold increased risk of EC of any subtype and a 6-fold increased risk of the endometrioid subtype \[[@b14-ogs-19169]\]. A higher fasting insulin level has been linked to EC risk, regardless of the menopausal status \[[@b15-ogs-19169]\]. It has also been causally linked to EC risk independently of body mass index (BMI) \[[@b16-ogs-19169]\].

The survival outcomes following current standard surgical treatment for EC are good, ranging from 74% to 91%, particularly for women diagnosed with low-grade endometrioid tumors without lymph node involvement \[[@b17-ogs-19169]\]. A Danish nationwide survey of EC patients with stage I tumors reported a 5- and 10-year disease-specific survival of 99% and 98%, respectively \[[@b18-ogs-19169]\]. Younger women of reproductive age have significantly better disease-specific survival than older women independent of other prognostic indicators \[[@b19-ogs-19169]\]. However, medical comorbidities can negatively impact survival outcomes. Diabetes and obesity are negative predictors of allcause and disease-specific mortality, regardless of the tumor type, and the presence of more than 2 major comorbidities other than diabetes significantly predicts cancer-specific mortality \[[@b20-ogs-19169]\]. Cardiovascular disease is also a frequent cause of death among women who survive EC beyond 5 years \[[@b21-ogs-19169]\].

The standard treatment for EC involving total hysterectomy and bilateral salpingo-oophorectomy (THBSO) with or without lymphadenectomy is effective \[[@b22-ogs-19169]\]. Fertility-sparing treatment approaches for patients who wish to preserve childbearing involve endocrine treatments with oral progestins, medroxyprogesterone acetate (MPA) or megestrol acetate (MA), or gonadotropin-releasing hormone (GnRH). More recently, levonorgestrel-releasing intrauterine devices (LNG-IUDs) have been used. However, there are inherent risks involved in conservative approaches, including the risk of the treatment being ineffective, the risk of relapse, and missing a diagnosis of ovarian or lymph node involvement (advanced stage disease) or synchronous ovarian cancer.

From this point forward, the term "fertility preservation" will refer to the preservation of the uterus. The role of ovarian preservation as part of the surgical management of EC is outside the scope of this review.

Given the current trends of women of reproductive-age delaying child-bearing and the increasing incidence of EC amongst nulliparous women \[[@b23-ogs-19169],[@b24-ogs-19169]\], high-level evidence on alternatives to THBSO are urgently required. Generating evidence on conservative treatments for low-risk EC has become a top priority \[[@b25-ogs-19169]\].

Defining candidates for fertility-sparing treatment
===================================================

1. Young women desiring childbearing capacity
---------------------------------------------

Women of child-bearing age with an EC diagnosis frequently have early-stage, low-grade disease \[[@b7-ogs-19169],[@b19-ogs-19169],[@b26-ogs-19169]\] and although the standard treatment of THBSO is effective, they should be considered for non-surgical fertility-sparing treatment. The risks include missing occult lymph nodes or ovarian metastases. One possible solution could be a surgical exploration (including surgical node assessment) prior to fertility-sparing treatment. Rigorous follow-up is imperative. Estimates of age at first birth in the US show that 1 of 12 first births in 2006 were to women aged 35 and older, compared to 1 of 100 in 1970 \[[@b27-ogs-19169]\].

2. Women with significant medical co-morbidities
------------------------------------------------

For elderly women, substituting major surgery with effective conservative alternatives may prevent major surgical complications. Patients with multiple medical comorbidities have a significantly higher risk of intra- and post-operative complications, including a prolonged hospital stay \[[@b28-ogs-19169],[@b29-ogs-19169]\]. THBSO performed by laparoscopy in patients with early-stage EC was associated with less blood loss and pain, faster recovery, and a shorter hospital stay \[[@b30-ogs-19169]\]. A recent meta-analysis of both the LACE \[[@b31-ogs-19169]\] and the LAP2 \[[@b32-ogs-19169]\] trials reported comparable survival outcomes for patients who had minimally invasive and those who had open surgery for EC \[[@b33-ogs-19169]\]. Our group found that older patients with multiple pre-existing comorbidities, increased complexity of surgical procedures, higher American Society of Anesthesiologists (ASA) scores ≥2 (the ASA scoring system classifies patients' preoperative physiological status and operative risk), and high BMI were independent predictors of any adverse event \[[@b34-ogs-19169]\]. A prediction model that quantifies the risks of adverse events in patients undergoing surgical procedures for EC has also been outlined \[[@b35-ogs-19169]\].

3. Obese women in whom surgery is technically infeasible
--------------------------------------------------------

Perioperative risks and length of hospital stay are higher in obese women \[[@b35-ogs-19169]\]. The rate of conversion from laparoscopy to laparotomy increases with higher BMI, with 57% of patients with BMI ≥40 kg/m^2^ requiring conversion \[[@b32-ogs-19169]\]. Adverse events significantly increase healthcare costs \[[@b36-ogs-19169]\]. The efficacy of treatment alternatives that are safe and less invasive needs to be addressed in this growing population of patients with obesity and EC, and the feMMe trial currently underway aims to evaluate fertility-sparing non-surgical treatment options in obese patients \[[@b37-ogs-19169]\].

4. Tumor characteristics
------------------------

Traditionally, the most suitable candidates for fertility-sparing treatment of EC have been patients with grade 1 tumors of the endometrioid subtype, with or without superficial invasion into the myometrium. These patients are more likely to present with estrogen- and progesterone-receptor positive tumors and progestin treatment results in encouraging outcomes. Patients with poorly differentiated tumors and deeply invasive disease (\>50%) are considered ineligible for fertility-sparing treatment by most investigators. Some guidelines even suggest that any myometrial invasion should be considered a contraindication to fertility preservation \[[@b38-ogs-19169]\]. Leitao et al. \[[@b39-ogs-19169]\] compared grade 1 tumors diagnosed preoperatively with dilatation and curettage (D&C) or pipelle biopsy and found that significantly fewer tumors diagnosed by D&C were upgraded in the final hysterectomy specimen than those diagnosed by pipelle biopsy (8.7% vs. 17.4%; P=0.007). Given reported disparities between pathologists in differentiating between complex atypical endometrial hyperplasia and grade 1 EC \[[@b40-ogs-19169],[@b41-ogs-19169]\], the accuracy of the final histological diagnosis for fertility-sparing treatment may be improved by a pathological review.

Patients with low-risk pathological features can expect a 5-year overall survival rate ranging from 80% to 90%. The accuracy of various methods to assess myometrial invasion have been widely reported in the literature. A meta-analysis of 9 studies found that both dynamic contrast-enhanced and diffusion-weighted magnetic resonance imaging (MRI) had high diagnostic accuracy in detecting deep myometrial invasion (86% pooled sensitivity for both methods) in women undergoing preoperative staging \[[@b42-ogs-19169]\]. An earlier study suggested a high negative predictive value for deep myometrial invasion \[[@b43-ogs-19169]\]. The implementation of both MRI and transvaginal ultrasonography (TVUS) appears to be highly effective in assessing myometrial invasion \[[@b44-ogs-19169],[@b45-ogs-19169]\]. Similarly, comparisons of computed tomography, TVUS and MRI showed similar performance overall, but significantly better assessment of myometrial invasion with contrast-enhanced MRI \[[@b46-ogs-19169]\]. TVUS performed by experts specializing in gynecological oncology had diagnostic accuracy comparable to MRI and greater inter-observer reproducibility for evaluating deep myometrial and cervical stromal invasion than that performed by general gynecologists \[[@b45-ogs-19169],[@b47-ogs-19169]\].

5. Synchronous or metastatic ovarian cancer
-------------------------------------------

The reported rate of synchronous ovarian cancer in women with EC varies from 5% to 29% \[[@b26-ogs-19169],[@b48-ogs-19169],[@b49-ogs-19169]\]. Although EC patients aged ≤45 years are 5 times more likely to have synchronous ovarian tumors than women aged \>45 years, nulliparity and not age is an independent risk factor for synchronous ovarian cancer \[[@b26-ogs-19169]\]. A large multi-center analysis by the Korean Society of Gynecologic Oncology found that while the incidence of synchronous ovarian cancer in young women with EC was quite low (4.5%), synchronous ovarian cancer was not identified in women with low-risk EC \[[@b50-ogs-19169]\]. A retrospective chart review of women aged 24--45 years found that 88% of coexisting ovarian tumors identified at hysterectomy were synchronous primaries and 69% occurred in women with grade 1 EC \[[@b51-ogs-19169]\]. There is evidence from the Surveillance, Epidemiology, and End Results database that the overall rate of synchronous ovarian cancer in EC patients has declined in the past 2 decades, but that rates peak between 29 and 47 years of age, followed by a significant decline \[[@b52-ogs-19169]\].

Synchronous endometrial and ovarian carcinomas are seemingly independent co-occurrences of tumors at both the ovary and endometrium and are seen in 5% of EC patients and 10% of ovarian cancer patients.Two groups have demonstrated a clonal relationship between each site \[[@b53-ogs-19169],[@b54-ogs-19169]\], disproving the concurrent theory of independent development of both tumors and suggesting that these cancers arise at one anatomic location and undergo restricted metastasis ("pseudometastases") to the second site. Failure to recognize a synchronous endometrial and ovarian carcinoma could allow the ovarian mass to progress and further metastasize, thereby changing a surgically curable disease into one requiring adjuvant chemotherapy with or without radiation, with an increased risk of recurrence and death from disease \[[@b55-ogs-19169],[@b56-ogs-19169]\].

6. Family cancer history and genetic syndromes
----------------------------------------------

Patients presenting with EC at a young age may have a genetic etiology. The risks associated with family history of EC have been well documented in meta-analyses and population-based studies \[[@b57-ogs-19169],[@b58-ogs-19169]\] and may encompass a range of factors including shared environmental and lifestyle choices that may be influenced by genetic predisposition. The lifetime risk of EC in women with Lynch syndrome is estimated to be 40% to 60% and is primarily associated with germline mutations in one of the mismatch repair genes (MMR), *MLH1, MSH2, MSH6*, or *PMS2* \[[@b59-ogs-19169]\]. Analysis of a large series of Lynch families showed that the cumulative risk of EC by 70 years of age was substantially higher among *MLH1* mutation carriers (54%), but the risks did not exceed 2% in women under age 40 \[[@b60-ogs-19169]\]. Population-based studies show that MMR defects underlie \<5% of EC at the population level, and the risk depends on which MMR gene is disrupted \[[@b61-ogs-19169]\]. Current National Comprehensive Cancer Network (USA) guidelines for hereditary cancers recommend that all women with EC undergo genetic testing for MMR mutations, particularly women under 50 years of age and those from Lynch families \[[@b62-ogs-19169]\]. Germline loss-of-function variants in the tumor suppressor gene *PTEN* have also been associated with increased risk of EC \[[@b63-ogs-19169]\]. A comprehensive review of the evidence for genes implicated in hereditary EC and the available commercial testing panels have been presented in detail elsewhere \[[@b64-ogs-19169]\].

At an increasing number of gynecological cancer centers, all patients diagnosed with EC are evaluated for Lynch syndrome by immunohistochemical staining of tumor histopathology specimens for MLH1, MSH2, PMS2, and MSH6 proteins, which are surrogate markers for Lynch syndrome. A diagnosis of Lynch syndrome and the associated risks for EC and ovarian cancer might impact a patient's decision regarding conservative, fertility-sparing treatment for EC.

Fertility-sparing management
============================

1. Hormonal therapy
-------------------

Fertility-sparing management of EC typically involves the use of the oral progestins MPA or MA, or more recently the LNG-IUD. The effectiveness of oral progestins remains unproven through randomized controlled clinical trials and the optimal dose and duration of progestin use have not been established. Current recommendations are MPA at a dose of 400--600 mg/day or MA at a dose of 160--320 mg/day for a minimum of 6 months, with follow-up assessment of treatment response using D&C and imaging \[[@b38-ogs-19169],[@b65-ogs-19169]\]. The LNG-IUD releases 52 mg of intrauterine progestin at a consistent rate for up to 5 years but declines thereafter.

Progestin use in women undergoing fertility-sparing treatment for atypical hyperplasia and EC have consistently shown good overall response rates (76--81%) \[[@b66-ogs-19169]-[@b68-ogs-19169]\]. MA has been linked to higher remission probabilities compared to MPA and other hormonal treatments \[[@b66-ogs-19169]\], which may be due to the relatively higher bioavailability of MA compared to MPA following oral administration \[[@b69-ogs-19169]\]. A study of Korean women aged ≤40 years with grade 1 endometrioid EC treated with daily oral MPA or MA had similar rates of complete response (77.7%) after a median follow-up of 66 months; however, MPA was associated with a lower risk of recurrence compared to MA and BMI ≥25 kg/m^2^ was a significant factor in failure to achieve a complete response \[[@b70-ogs-19169]\]. Weight changes during treatment with progestin therapy were also shown to have a minimal effect on response rates, and pre-treatment and post-treatment BMI ≥25 kg/m^2^ were significantly associated with a higher rate of recurrence, highlighting the importance of maintaining normal BMI during progestin treatment \[[@b71-ogs-19169]\]. Obese patients are hyperestrogenic and suppressing the production of endogenous estrogen may be an effective alternative. A recent pilot study of a GnRH agonist combined with an aromatase inhibitor in fertility-sparing treatment of 6 obese women with grade 1 EC reported a complete response in all women at 3--6 months, and a pregnancy and live birth rate of 50% and 75% respectively \[[@b72-ogs-19169]\]. A prospective observation study of LNG-IUD for 1 year plus a GnRH analogue for 6 months in patients aged \<40 years with stage 1A EC showed results comparable to studies using MPA and MA, with a complete remission rate of 57% and a recurrence rate of 25% \[[@b73-ogs-19169]\]. Although most studies report no significant toxicity among patients treated with high-dose oral progestins, adverse effects include thrombophlebitis, pulmonary emboli, weight gain, hypertension, and headaches, which may lead to low patient compliance \[[@b40-ogs-19169],[@b74-ogs-19169],[@b75-ogs-19169]\].

The LNG-IUD circumvents the issues with patient non-compliance that accompany oral medication as well as the possible side-effects associated with high-dose oral progestins. A recent meta-analysis of 5 randomized controlled trials comparing the LNG-IUD to oral cyclic MPA treatment found that although regression rates for both were similar overall, regression rates were higher for non-atypical endometrial hyperplasia and mixed (atypical and non-atypical) endometrial hyperplasia therapy among non-obese women \[[@b76-ogs-19169]\]. A prospective multi-center study to determine the efficacy of the LNG-IUD in combination with oral MPA at 500 mg/day in early-stage EC patients aged \<40 years has been undertaken by the Korean Gynecologic Oncologic Group \[[@b77-ogs-19169]\]. Several other randomized controlled trials are currently underway to evaluate the efficacy of LNG-IUDs with or without oral progestins or metformin in younger women with low-grade EC ([Table 1](#t1-ogs-19169){ref-type="table"}).

2. Hysteroscopic tumor resection
--------------------------------

Hysteroscopy as part of conservative management is controversial. Proponents claim it allows a more targeted removal of the primary site of disease plus adjacent margins and myometrium and permits a more accurate assessment of tumor characteristics through adequate biopsy sampling. Others find it challenging to distinguish the cancer tissue from surrounding hyperplasia. Studies reporting outcomes related to the use of hysteroscopy in conservative management are limited to case studies and case series. Alonso et al. \[[@b23-ogs-19169]\] reviewed studies published between 1975 and 2014 of EC patients aged \<40 years treated with initial hysteroscopic resection followed by hormone therapy for fertility-sparing and found that the complete response rate for patients with stage 1A grade 1 EC was 88.9%. Pregnancy rates in these studies among those who attempted conception, including through assisted reproductive technology (ART), ranged from 25% to 66%, suggesting the potential for superior outcomes compared to hormone treatment alone. Recent studies have confirmed these findings, reporting complete response rates in women with stage 1A EC of 89% to 97% following hysteroscopic fertility-sparing treatment, and pregnancy rates of over 45% among women who attempted conception \[[@b78-ogs-19169],[@b79-ogs-19169]\]. Concerns have been raised about possible negative consequences of hysteroscopy due to EC cells spreading into the peritoneal cavity and the likelihood of adverse pregnancy outcomes due to mechanical damage to the basal layer of the endometrium causing Asherman's syndrome and a risk of placenta accreta \[[@b80-ogs-19169]\].

3. Follow-up examinations
-------------------------

It is critically important that patients who are considered for fertility-sparing treatment understand and accept the need for close follow-up and endometrial sampling to evaluate the response to treatment. The optimal duration of progestin treatment that would achieve a complete response has been established, but there is little evidence to suggest added benefit beyond 6 months. A meta-analysis of 24 studies involving 370 patients undergoing fertility-sparing treatment showed that the remission probability after 6 months of treatment was 72% compared to 78% after 12 months of treatment, suggesting marginal benefit beyond 6 months \[[@b66-ogs-19169]\]. There is variation across gynecologic oncology societies regarding the frequency of follow-up and method of endometrial sampling, primarily because of differences in treatment protocols, but current recommendations are for histological evaluation at 3--6 months by endometrial biopsy through D&C rather than aspiration biopsy \[[@b65-ogs-19169],[@b81-ogs-19169]\]. Establishment of a complete response, defined as no evidence of progressive disease, is a good indicator that pregnancy may be pursued, with ongoing close follow-up for early detection of successful pregnancy or signs of recurrence. Patients who partially respond to treatment at 6 months may be advised to continue progestin treatment for an additional 3--6 months, and non-responders at the 6-month follow-up with persistent disease confirmed by D&C should be counselled to undergo hysterectomy.

Reproductive and oncologic outcomes
===================================

Reproductive outcomes in EC patients who undergo fertility-sparing treatment are promising, although estimates vary according to patient characteristics and whether ART is used. A multi-center study of 141 Korean women aged \<40 years who were diagnosed with grade 1 endometrioid EC and treated with oral progestins showed that 73% of women who attempted conception, including a subset receiving fertility drugs, were successful, and that 66% had at least 1 live birth. Although the incidence of infertility in this cohort was higher than in the general population, those who received fertility treatments had similar 5-year disease-free survival rates compared to those who did not, and women who had at least 1 pregnancy had better disease-free survival rates compared to those who did not \[[@b82-ogs-19169]\]. A more recent analysis of 118 Korean women with stage 1A grade 1-2 endometrioid EC treated with MPA and the LNG-IUD reported a live birth rate of 67% among those who tried to become pregnant and had full-term pregnancies. In this cohort, the median disease-free survival was 26 months among those who became pregnant, compared to 12 months among those who did not, suggesting that successful pregnancy may improve disease-free survival \[[@b83-ogs-19169]\]. The benefits of pregnancy on recurrence were also documented by Ichinose et al. \[[@b84-ogs-19169]\], who found that all women in their study receiving ART had a live birth and a lower risk of recurrence compared to those who did not achieve pregnancy. However, obesity negatively impacts pregnancy rates and lowers the probability of long-term treatment success among women receiving fertility-sparing treatment \[[@b85-ogs-19169],[@b86-ogs-19169]\]. This remains an ongoing challenge to conservative management of EC, and high-quality data from randomized controlled trials are needed to successfully address this issue \[[@b87-ogs-19169]\].

Future strategies and recommendations
=====================================

The incidence of EC is rising, particularly in countries with rapid socioeconomic growth. Increases in obesity in these countries and a global decline in reproductive rates will increase the need for fertility-sparing approaches to treatment \[[@b5-ogs-19169]\]. EC is among the 10 most frequent cancers in Latin American and Caribbean countries (7.7 per 100,000 women) and may reflect changes in reproductive patterns in conjunction with rising rates of obesity in these countries \[[@b88-ogs-19169]\]. In high-income countries, the proportion of women with high BMI (≥25 kg/m^2^) rose at a faster rate than the global average between 1980 and 2013, with the exception of Japan, where despite lower rates of obesity, EC rates continued to rise, highlighting the involvement of other risk factors \[[@b5-ogs-19169]\]. The global prevalence of type 2 diabetes, which is known to be associated with EC and correlates with high BMI, has risen from 4.7% in 1980 to 9.0% in 2014 in adults aged \>18 years \[[@b89-ogs-19169]\]. Further discussion is warranted on the optimal approach to follow-up, including the frequency of endometrial re-evaluation in patients desiring fertility-sparing treatment, without compromising a patient's quality of life or increasing the risks associated with recurrence or survival.

Overall, mortality associated with conservative treatment of EC is low, and women aged \<45 years with low-grade EC and minimal myometrial invasion who are treated with progestins seem to have good clinical outcomes comparable to those receiving primary hysterectomy \[[@b90-ogs-19169]\]. However, there are reports in the published literature of fatalities following pregnancy in patients treated conservatively for well differentiated and non-invasive EC \[[@b91-ogs-19169],[@b92-ogs-19169]\]. The importance of proper informed consent and strict follow-up procedures for patients opting for fertility-sparing treatment of EC cannot be overemphasized. Additional factors such as synchronous or metastatic ovarian cancer, or cancers associated with genetic predisposition need to be factored into current mortality estimates. Patients requesting fertility-sparing treatment should undergo testing for Lynch syndrome and be counselled prior to undertaking treatment. Additionally, patients with prior conditions that predispose to infertility, including obesity, polycystic ovarian syndrome, and anovulation, should be encouraged to seek ART for conception as soon as a complete response is achieved.

Feasibility studies for weight loss approaches with a view to improving EC treatment outcomes are critical to reducing the burden of this disease on healthcare resources. Significant reductions in excess body weight and improvements in biomarkers for insulin resistance and reproductive hormones among obese women undergoing bariatric surgery have been reported \[[@b93-ogs-19169]\]. Bariatric surgery was shown to significantly reduce the risk of EC among obese women \[[@b94-ogs-19169]\]. These studies show promise for improving treatment in obese women, but further studies are necessary to determine the range of benefits on general health and the chance of fertility subsequent to fertility-sparing treatment for EC.

The importance of progesterone receptor status has been discussed with regard to predicting treatment response. While the Gynecologic Oncology Branch of the Chinese Medical Association requires progesterone receptor status in patients undergoing fertility-sparing treatment, the European Society for Medical Oncology (ESMO) does not currently recommend routine testing because patients who test negative for progesterone status still respond to treatment, although their chance of a response is significantly lower \[[@b65-ogs-19169]\]. The inclusion of immunohistochemical markers \[[@b95-ogs-19169]\] and serum levels of cancer antigen CA125 \[[@b96-ogs-19169]\] to predict response to treatment will require further studies. Risk classification of tumors in a fertility-sparing setting using molecular markers for p53 and MMR abnormalities has been trialed with promising results \[[@b97-ogs-19169]\]. Endometrial biomarkers to predict resistance to therapy would prove beneficial and are currently being evaluated (NCT00788671). The feMME trial (ANZGOG NCT01686126) is a randomized clinical trial that investigates the effectiveness of LNG-IUD in women with early stage EC and a BMI \>30 kg/m^2^. It is a 3-arm randomized multicenter phase 2 study of LNG-IUD ± metformin ± weight loss intervention in 165 women \[[@b37-ogs-19169]\]. Metformin is the most widely used anti-diabetic drug, and there is evidence from *in vitro* studies to suggest that it also has anti-cancer properties \[[@b98-ogs-19169]\]. Results are expected to become available in 2020. Additionally, 4 Chinese studies are currently evaluating fertility-sparing treatments for early-stage EC: MPA 250 mg/day ± metformin 1--1.5 g/day (NCT03538704); MPA 250--500 mg/day vs MPA + LNG-IUD vs LNG-IUD (NCT03463252); oral MA 160 mg/day ± LNG-IUD (NCT03241914); and MA 160 mg/day ± metformin (NCT01968317). A Taiwanese study is also currently evaluating LNG-IUD ± metformin in young Asian women under the age of 40 years with early stage EC (NCT02990728), and the Korean Gynecologic Oncology Group is evaluating LNG-IUD + MPA in young women with grade 1 EC confined to the endometrium (NCT01594879). With the exception of a Korean study, which recently published a 6-month update \[[@b99-ogs-19169]\], these and other trials outlined in [Table 1](#t1-ogs-19169){ref-type="table"} have not been published at the time of writing this review.

Guidelines and recommendations
==============================

Comprehensive evidence-based guidelines and recommendations for EC management were developed by the ESMO, the European Society of Gynaecological Oncology, and the European Society for Radiotherapy & Oncology and published in 2015 \[[@b38-ogs-19169]\]. The following summarizes their current recommendations for fertility-sparing treatment, including an update published in 2017 \[[@b100-ogs-19169]\]:

• Conservative management should be considered in selected patients with grade 1 EC or premalignant disease; patients must be referred to specialized centers, undergo histological diagnosis using D&C with or without hysteroscopy, and have their diagnosis confirmed by a specialist gynecopathologist ([Table 2](#t2-ogs-19169){ref-type="table"}). Overt myometrial invasion and adnexal involvement should be excluded using pelvic MRI or expert TVUS.

• Current recommendations for fertility-sparing therapy involve the use of oral progestins, MPA (400--600 mg/day), MA (160--320 mg/day), or the LNG-IUD and assessment of patient responses by D&C, hysteroscopy, and imaging at 6 months. Minor variations of fertility-sparing treatment by other gynecologic oncology societies are primarily in regards to follow-up biopsy; the Japan Society of Gynecologic Oncology recommends endometrial biopsy at 3 months following progestin treatment \[[@b101-ogs-19169]\], and the Korean Society of Gynecologic Oncology recommends endometrial biopsy at 3--6 month for fertility-sparing treatment of grade 1 endometrioid tumors confined to the endometrium \[[@b102-ogs-19169]\]. In addition, the Gynecologic Oncology Branch of the Chinese Medical Association requires patients to be under the age of 40 and progesterone-receptor positive to be considered for fertility-sparing therapy \[[@b103-ogs-19169]\].

• Patients who wish to conceive following a complete response should be advised to pursue pregnancy earlier and consider ART to improve success rates. Those not ready to conceive immediately should be offered low-dose progestin or the LNG-IUD. After completion of childbearing, THBSO should be considered, although preservation of the ovaries would depend on age and genetic risk factors.

• Patients should be apprised of the pros and cons of fertility-sparing treatment and that there are inherent risks associated with this approach, including the likelihood of future hysterectomy if there is disease recurrence. They should also be willing to accept close follow-up during and after treatment at least bi-annually, which may include D&C and imaging to evaluate recurrence.

Conclusion
==========

There is consensus across various leading gynecologic oncology societies that fertility-sparing treatment of EC must be considered a research priority. Research to estimate the effectiveness of fertility-sparing treatment of EC is underway. Research is also required to understand the information needs of patients considering fertility-sparing treatment of EC. Finally, further research is urgently required to determine the predictors of response to hormonal treatment.
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Current or ongoing clinical trials of conservative treatment for endometrial cancer (EC)

  ClinicalTrials. gov ID   Start date       Study title                                                                                                                                                                    Aims (primary objective)                                                                                                                                                                                                                                                                                                                   Design/intervention                                                                                                                                                                         Institution                               Participants
  ------------------------ ---------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NCT02035787              March 2014       Metformin with the levonorgestrel-releasing intrauterine device for the treatment of complex atypical hyperplasia (CAH) and endometrial cancer (EC) in non-surgical patients   To compare the rate of CR at 6 months in non-surgical grade 1 EC and CAH patients receiving metformin + LNG-IUS to 50%                                                                                                                                                                                                                     Open label/metformin 850 mg twice daily added to standard non-surgical treatment with LNG-IUS                                                                                               Chapel Hill, NC, USA                      15 women 18 years or older with biopsy-proven complex atypical hyperplasia (n=15) or grade 1 EC
  NCT01594879              January 2012     Treatment with medroxyprogesterone acetate plus LNG-IUS in young women with early stage endometrial cancer                                                                     To investigate the treatment efficacy of LNG-IUS plus MPA in young women with early stage EC                                                                                                                                                                                                                                               Phase 2 open label trial/Mirena^®^ (LNG-IUD), oral MPA oral progestin + LNG-IUS                                                                                                             Korean Gynecologic Oncology Group Study   39 patients \<40 years of age with histologically confirmed as EC grade 1 that is confined to the endometrium based on the MRI evaluation
  NCT00788671              November 2008    Levonorgestrel intrauterine device (IUD) to treat complex atypical hyperplasia (CAH) and grade 1 endometrioid endometrial carcinoma (G1EEC)                                    To learn the level of effectiveness of the Mirena^®^ LNG-IUD in treating hyperplasia of the lining of the uterus and/or early-stage cancer of the lining of the uterus                                                                                                                                                                     Phase 2 open label trial/levonorgestrel IUD                                                                                                                                                 M.D. Anderson Cancer Center, TX USA       50 patients ≥18 with a diagnosis of complex atypical hyperplasia or endometrial biopsy within 3 months of study enrolment OR patients with a diagnosis of grade 1 endometrioid endometrial carcinoma
  NCT03241914              July 2017        Megestrol acetate plus LNG-IUS in young women with early endometrial cancer                                                                                                    To see if MA plus LNG-IUS will not be inferior to returning the endometrial tissue to a normal state than MA alone in patients with early EC                                                                                                                                                                                               Phase 2 & 3 randomized trial/oral MA 160 mg/day vs. oral MA 160 mg/day + LNG IUS for at least 3 months                                                                                      Fudan University, Shanghai                40 patients 18-45 years of age; confirmed diagnosis of endometrioid EC based upon hysteroscopy; no myometrial invasion confirmed, extension beyond corpus, or enlarged lymph nodes confirmed by MRI
  NCT02990728              March 2016       Mirena^®^ ± metformin as fertility-preserving treatment for young Asian women with early endometrial cancer                                                                    To evaluate the efficacies of LNG-IUS, Mirena^®^, with or without metformin over \~6 month                                                                                                                                                                                                                                                 Phase 2 randomized open label trial/Mirena^®^ LNG-IUD vs. Mirena^®^ LNG-IUD + Metformin                                                                                                     Chang Gung Memorial Hospital, Taiwan      120 patients ≤40 years old with histologic confirmed grade 1 endometrioid EC; tumor confined to the endometrial cavity with no evidence of metastasis on MRI and/or TVUS
  NCT02397083              September 2015   Levonorgestrel-releasing intrauterine system with or without everolimus in treating patients with atypical hyperplasia or stage IA grade 1 endometrial cancer                  To estimate the efficacy of the LNG-IUS device alone and in combination with everolimus to treat complex atypical hyperplasia or stage Ia grade 1 endometrioid EC with response rate                                                                                                                                                       Phase 2 randomized open label trial/LNG IUD vs. LNG IUS + everolimus                                                                                                                        M.D. Anderson Cancer Center, TX USA       270 patients ≥ 18 years of age with a diagnosis of CAH or grade1 endometrioid or focal grade 2 adenocarcinoma with predominantly grade 1 EC
  NCT03463252              April 2018       Value of LNG-IUS as fertilitypreserving treatment of EAH and EC                                                                                                                To analyze the effectiveness of LNG-IUS (Mirena^®^) in the fertility-sparing treatment of atypical endometrial hyperplasia and early EC, including pathology response and pregnancy outcome                                                                                                                                                Phase 2 & 3 randomized open label trial/MPA 250--500 mg/day vs. MPA+LNG-IUS vs. LNG-IUS only; patients with contraindication to oral MPA is allocated to GnRH-agonist                       West China Second University Hospital     224 patients ≤40 years old with a grade 1 endometrioid EC limited to the endometrium on MRI; and a strong desire for fertility preservation
  NCT03077698              June 2017        An endometrial cancer study for women with recurrent or persistent endometrial cancer                                                                                          To investigate the efficacy of sodium cridanimod in conjunction with progestin therapy in patients with recurrent or persistent EC, who have failed progestin monotherapy or who have been identified as PrR negative                                                                                                                      Phase 2 open label multi-center trial/sodium cridanimod in conjunction with MA therapy                                                                                                      Xenetic Biosciences, Inc                  72 patients ≥18 years of age with histologically confirmed serous carcinoma or endometrioid type of EC; recurrent or persistent progressive disease that is refractory to established treatments
  NCT03538704              January 2015     Effect of fertility-sparing therapy of early endometrial cancer                                                                                                                The purpose of this study is to investigate the effect of Fertility-sparing Therapy of Early Endometrial Cancer                                                                                                                                                                                                                            Randomized open label trial/BMI ≥25 kg/m^2^ given MPA 250 mg/day plus Metformin 1--1.5 g/day vs. MPA 250 mg/day only                                                                        Peking University People's Hospital       80 patients 18 to 40 years old with FIGO stage 1a grade 1 with lesion confined to the endometrium; strong desire to preserve fertility
  NCT01968317              October 2013     Megestrol acetate plus metformin to megestrol acetate in patients with endometrial atypical hyperplasia or early stage endometrial adenocarcinoma                              To evaluate efficacy of MA plus metformin in returning the endometrial tissue to a normal state than MA alone in patients with endometrial atypical hyperplasia or early stage EC                                                                                                                                                          Phase 2 randomized open label/oral metformin 500 mg third daily + MA 160 mg/day vs. MA 160 mg/day for 3 months                                                                              Fudan University, Shanghai                150 patients 18--45 years old with a confirmed diagnosis of endometrial atypical hyperplasia or low grade EC; desire for reproductive function or uterus
  NCT04008563              August 2019      Bariatric surgery for fertilitysparing treatment of atypical hyperplasia and grade 1 cancer of the endometrium (B-FiERCE)                                                      To determine the proportion of eligible women who agree to participate in the study (recruitment rate). The primary outcome will be met and a full scale randomized controlled trial to assess efficacy will be conducted if ≥40% recruitment rate is achieved patients' reasons for participation or non-participation will be recorded   A pilot randomized controlled trial to assess the feasibility of a full-scale randomized trial. participants will be randomized 1:1 to bariatric surgery plus pIUD or standard pIUD alone   University Health Network, Toronto        36 patients 18--41 years old with grade 1 endometrioid EC or complex atypical hyperplasia, and BMI ≥35 kg/m^2^, no evidence of metastatic disease, a desire for fertility preservation and no contraindications to pIUD

BMI, body mass index; CR, complete response; EC, endometrial cancer; EAH, atypical endometrial hyperplasia; FIGO, International Federation of Gynecology and Obstetrics; CAH, complex atypical hyperplasia; GnRH, gonadotropin-releasing hormone; PrR, progesterone receptor; LNG-IUS, levonorgestrel-releasing intrauterine system; LNG-IUD, levonorgestrel-releasing intrauterine device; MA, megestrol acetate; MPA, medroxyprogesterone acetate; MRI, magnetic resonance imaging; IUD, intrauterine device; pIUD, progestin intrauterine device.

###### 

Optimal candidates for non-surgical fertility-sparing treatment

  Terms of candidates
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Young women of child-bearing age (preferably women under age 40) diagnosed with EC
  2\. Definitive diagnosis of grade 1 tumor of the endometrioid subytpe with or without superficial invasion into the myometrium
  3\. Well differentiated tumors with ≤50% myometrial invasion assessesd by TVUS or MRI where TVUS is insufficient to assess
  4\. No evidence of synchronous or metachronous ovarian tumors evaluated by MRI or TVUS
  5\. No family history or hereditary cancer syndromes as evidenced by mutation testing primarily for Lynch Syndrome by immunohistochemical staining of tumor specimens for MMR proteins
  6\. No contraindications for hormonal treatment
  7\. Patients with comorbidities that preclude them from surgical treatment
  8\. Full acceptance and understanding that fertility-sparing treatment is not standard, carries a risk of recurrence, and requires close follow-up

EC, endometrial cancer; TVUS, transvaginal ultrasonography; MRI, magnetic resonance imaging; MMR, mismatch repair genes.
